"ENDF/B-VIII.0 provides a major update to the ENDF thermal scattering library. Indeed, it is nearly a completely new sub-library. Only the legacy evaluations for Al, Fe, liquid and solid methane, ortho-and para-hydrogen and deuterium and benzene and the ENDF/B-VII.1 evaluations for SiO2 are unchanged." 1, 2 Thirty four (34) materials are provided in ENDF/B-VIII.0 with a total of two hundred and fortyeight (248) temperatures. LEAPR input files are also included for each of the materials as well as "readme" files for most of the materials.
A few of the traditional material names have been changed from previous ACE libraries. Also notice that there are now three (3) different graphite evaluations. Crystalline graphite is the closest one to previous graphite TSL evaluations. Graphite with 10% porosity is typical for reactor usage, and graphite with 30% porosity is the most common form of graphite. These 3 forms of graphite have significantly different densities due to the porosity -say, about 2.2, 2.0, and 1.6 g/cc.
The procedure recommended by scientists at the Naval Nuclear Laboratory 3 was used to process the evaluation files into ACE format by NJOY. Specifically, the value of B(6) given in the MF = 7, MT = 4 section of the TSL evaluation file was used as the "natom" input of the second card of the THERMR input in NJOY. The MF = 7, MT = 4 section contains the incoherent inelastic scattering and is the only part of the overall S(α,β) scattering that exists at energies near Emax. In addition, the B(4) value (Emax) in the same section of the evaluation file was used for "emax" on card 4 of the THERMR input. This procedure worked "correctly" for 27 of the 34 materials. "Correctly" means that the value of the S(α,β) scattering cross section at (or near) Emax was very close to the value of the MF = 3, MT = 2 elastic scattering cross section from the neutron sub-library evaluation file for the same material at the same temperature and at (or near) emax. This continuity is required for codes like MCNP to be able to substitute S(α,β) cross sections for the free gas cross sections when requested by the user (via a MCNP "mtn" card).
The seven (7) evaluations which failed to produce a correct result were the new OinD2O evaluation and 6 older cold temperature evaluations, para-and ortho-H and D, and solid and liquid methane. For these evaluations, some adjustments were made in the TSL evaluation files and in the NJOY inputs to achieve continuity between the S(α,β) scattering and the free gas elastic scattering cross sections at Emax. Inputs for a MCNP xsdir directory file were also generated for each of the 248 ACE files. In the installation of these tables, some of the relative file addresses may need to be modified to match the local computer file system.
Verification and Validation of the ACE files produced by NJOY Processing of the TSL Files
Initial verification of the processed ACE files was the continuity check already referred to. In addition to this test, a mechanical check of the files was performed using a sample MCNP deck which calls at least 1 temperature set from each TSL material evaluation. Not surprisingly, this mechanical check uncovered a few typos in the initial data and directory files.
The first step of data validation was to calculate the thermal diffusion time ("td") in MCNP6 for an infinite mass of each material with and without S(α,β) cross sections. The initial source of neutrons can be assumed to be a Maxwellian shape available as a built-in source function in MCNP6. The average neutron lifetime given in the MCNP balance table was then compared with old published reactor physics data 4 for common moderators. While these old data (based on theory and some measurements) are not very precise, and the presence of impurities in the moderators (e.g., H in D2O, and B in Graphite) can also affect the results, it is still the case that the thermal diffusion times should be approximately consistent between the MCNP6 calculation and the published data. Furthermore, the theory predicts that the diffusion time will be independent of the scattering cross section. It is only dependent on the inverse macroscopic absorption cross section and the average neutron velocity. Therefore, the S(α,β) results should be the same as the free gas results for the thermal diffusion time.
Furthermore, the average number of collisions per source particle, the neutron mean free path (mfp), the averaged neutron velocity, and the neutron flux spectrum in energy were calculated as well. The calculated thermal flux spectra are not exactly Maxwellian in energy, --though they are close --because the 1/v absorption in the moderator preferentially absorbs the lower energy neutrons.
A sample MCNP6 input deck is given below for H2O at 600 K: Notice that implicit capture is turned off by the phys:n card. Otherwise, MCNP will count all the collisions by reduced weight particle histories as full collisions. The lifetime and the number of collisions are taken from the balance table in the MCNP output. The mfp edit is given in the neutron activity by cell table. The average neutron velocity is deduced from the ratio of the F4 tally divided by the F14 tally (which has a 1/v multiplier on it -see the fm14 card ). Also notice that the energy spectrum of the F4 tally must include all possible neutron energies to be consistent with the F14 tally. The detailed energy tally from the E4 card can be used to plot the resultant neutron spectrum as a function of energy.
The starting neutron source has a Maxwellian shape in energy as specified by the SDEF and the SP1 card inputs. This shape is not exactly the same as the final shape, but it is a good guess. The free gas nuclear data files accessed by the M1 card entries are adjusted to the material temperatures given in the TMP card. Tables 4 and 5 : S(α,β) and free gas calculations of the thermal diffusion time ("td")
Informative comparisons can also be made between older and newer S(α,β) data, between different temperatures of the same material, and even between the 3 graphite evaluations.
Temperature effects for some common moderators are shown in the following Tables. A constant density was assumed for all temperatures -to make the verification comparisons a little more clear. Also note that the average neutron velocity is somewhat larger than the more commonly referenced most probable velocity. For a Maxwellian velocity distribution, the averaged velocity is 2/sqrt(π) times larger than the most probable velocity. (The commonly referenced 2200 km/sec value at room temperature is a most probable velocity value.)
Flux Spectrum plots are also given for room temperature H2O and D2O in Figures 2 and 3 . Notice that the calculated spectra are not quite Maxwellian, but they are pretty close. 
